Bioassay-guided fractionation of an ethyl acetate extract from the aerial parts of Anabasis aphylla, a Chenopodiaceous species widely distributed in the northwest of China, led to the isolation of six phenolic compounds, which were identified by means of spectrometric analysis as 1-(2-hydroxy-4,6-dimethoxyphenyl)-ethanone (1), 3,4-dihydroxy cinnamic acid tetracosyl ester (2), 4-hydroxy-3-methoxy benzoic acid (3), 2-hydroxy benzoic acid (4), 3,4-dihydroxy cinnamic acid methyl ester (5) and 4-hydroxy benzoic acid pentadecane ester (6). These compounds were further screened for their minimum inhibitory concentration (MIC) and median inhibitory concentration (IC 50 ) by use of the micro-dilution-MTT assay for antimicrobial activity against one Gram-positive bacterium (Bacillus subtilis), three Gram-negative bacteria (Agrobacterium tumefaciens, Pseudomonas lachrymans, and Xanthomonas vesicatoria), and one yeast (Candida albicans). Apart from compound 6, which had no activity against any of the tested microorganisms, the other compounds showed selective inhibitory activity. This is the first report on the antimicrobial activity of the phenolic compounds isolated from A. aphylla. The obtained results provide promising baseline information for the potential use of the extract and some isolated compounds from this plant as antimicrobial agents to control plant and animal diseases.
A large number of plant species contain metabolites that can be used as novel antimicrobial agents, and some of these have been used by man as disease control agents since very early times, although many of them cannot be extracted profitably [1] [2] [3] . Some antimicrobial metabolites produced constitutively by healthy plants have been named phytoanticipins. Other metabolites, termed phytoalexins, may be produced on elicitation in diseased plants and are thought to be major determinants of induced plant resistance to pathogens [4] . Our antimicrobial activity researches on plants include species of the family Chenopodiaceae. Within this family, Anabasis aphylla, a shrub mostly distributed in the desert of Xinjiang, in the northwest of China [5, 6] , has been used as a botanical-based insecticide by local people [7] and the main compounds in this plant have been reported so far as alkaloids [7, 8] . To the best of our knowledge, antimicrobial phenolic compounds from A. aphylla have not yet been reported, except for our previous report on its crude ethanol extract with antimicrobial activity [9] . The aim of this investigation was to evaluate the antibacterial and anticandidal activities of the phenolic compounds by bioassay-guided fractionation of a crude extract from the aerial parts of A. aphylla.
Six phenolic compounds were isolated from the ethyl acetate fraction of the crude ethanol extract of A. aphylla, based on bioassay-guided fractionation. After comparing their spectral data with those found in the literature [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , they were confirmed as 1-(2-hydroxy-4,6-dimethoxyphenyl)-ethanone (1), 3,4-dihydroxy cinnamic acid tetracosyl ester (2), 4-hydroxy 3-methoxy benzoic acid (3), 2-hydroxy benzoic acid (4), 3,4-dihydroxy cinnamic acid methyl ester (5), 4-hydroxy benzoic acid pentadecane ester (6) . 2-Hydroxy benzoic acid (4) from olive also showed significant antibacterial activity [25] , and 3,4dihydroxy cinnamic acid methyl ester (5) from Dendranthema zawadskii var. latilobum exhibited both antimicrobial and cytotoxic activities [20] . The results from the present study provided the chemical basis for the efficacy of A. aphylla against infectious diseases. This is the first report on the antimicrobial activity of the phenolic compounds isolated from A. aphylla.
Experimental
General experimental procedures: NMR spectra ( 1 H, 13 C NMR) were recorded on an INOVA-400 (Varian, USA) instrument with tetramethylsilane (TMS) as an internal standard. EI-mass spectra were recorded on a HP-5973 (Agilent, USA) spectrometer: m/z (rel. %). Thin-layer chromatography (TLC) was performed on plates precoated with silica gel GF 254 (Qingdao Marine Chemical Co., Ltd, China). Silica gel H for column chromatography (CC) was also purchased from Qingdao Marine Chemical Company. The median inhibitory concentration (IC 50 ) of each compound was determined by measuring the absorbance at 590 nm using a multi-plate reader (Bio-Rad-550, USA). All chemicals used in the study were of analytical grade.
Plant material:
The aerial parts of Anabasis aphylla L. were collected in October 2005 in Xinjiang in the northwest of China, which was authenticated by Prof. Ping Yan of Shihezi University of Xinjiang [5, 6] , where a voucher specimen of this plant was deposited.
Extraction and isolation:
The air-dried and powdered aerial parts (9 kg) of A. aphylla were extracted with EtOH (95%) under reflux (3 × 40 L for 3h). After removal of the solvent by evaporation, the ethanol crude extract (850.70 g, yield 9.45%) was suspended in hot water and extracted with EtOAc. The EtOAc layer (349.08 g, yield 3.88%) was repeatedly subjected to column chromatography over silica gel, which was eluted with light petroleum-EtOAc (from 1:0 to 1:1, v/v), and then purified on a Sephadex LH-20 column using CHCl 3 -CH 3 OH (1:1, v/v) as eluent and recrystallized to yield compound 1 (900 mg), 2 (20 mg), 3 (19 mg), 4 (18 mg), 5 (24 mg), 6 (20 mg), separately.
Antimicrobial activity:
The minimum inhibitory (MIC) and median inhibitory concentrations (IC 50 ) of the six phenolic compounds, along with the positive controls (streptomycin sulfate for bacteria, and carbendazim for yeast) were determined in sterile 96-wells by the modified broth micro-dilution-MTT assay [24] . The tested microorganisms were four bacterial strains (Agrobacterium tumefaciens ATCC 11158, Bacillus subtilis ATCC 11562, Pseudomonas lachrymans ATCC 11921 and Xanthomonas vesicatoria ATCC 11633) and one yeast (Candida albicans ATCC 64550). The bacteria were grown in liquid LB medium (yeast extract 5 g/L, peptone 10 g/L, NaCl 5 g/L, pH 7.0) overnight at 28°C, and the diluted bacterial suspension (10 6 cfu/mL) was ready for detection. The yeast, C. albicans, was activated on a potato dextrose agar (PDA) medium (potato 200 g/L, glucose 20 g/L, agar 20 g/L), and then subcultured on a potato dextrose broth (PDB) at 25°C in the dark at 4-day interval prior to anticandidal testing.
The test samples were first dissolved in acetone, separately, and serially diluted to obtain different concentration ranges. The mixed solution (100 µL) was added to a well containing 90 µL of overnightcultured inoculum (1×10 6 cfu/mL) and 10 µL of the sample solution. The negative control well contained 90 µL of inoculum (1×10 6 cfu/mL) and 10 µL of acetone. The microtiter plates were agitated to mix the content of the wells using a plate shaker and incubated in the dark for 24 h at 28°C. Then 10 µL of methyl thiazolyl tetrazolium (MTT, 5 mg/mL in 0.2 mol/L, pH 7.2 phosphate-buffered saline) was added to each well, and the plates were incubated for another 4 h. The MIC value was determined as the lowest sample concentration that inhibited visible growth, as indicated by the MTT staining. Only living microorganisms can convert MTT to formazan and a blue color appears in the well. To confirm the MIC, 10 µL of suspension liquid was removed from each well and inoculated on either LB or PDA medium. After aerobic incubation at 28°C overnight, the number of surviving organisms was determined.
To further determine the IC 50 of each compound, the above MTT staining suspension was centrifuged at 1500 g for 20 min. After the supernatant was removed, 150 µL of dimethyl sulfoxide was added to each well, and the colored formazan products were extracted for 30 min by using a plate shaker. After complete extraction, the plate was centrifuged at 1500 g for another 20 min, and then 100 µL of the supernatant from each well was transferred to another 96-well plate, and the absorbance measured at 590 nm using a multi-plate reader. The percentage of microorganism growth inhibition was determined as [(Ac -At)/Ac] × 100, where Ac was an average of six replicates of the light absorbance at 590 nm of the negative controls, and At was an average of six replicates of the light absorbance at 590 nm of the samples. The IC 50 against the tested microorganisms was calculated using the linear relation between the inhibitory probability and concentration logarithm according to the methods outlined by Finney [26] .
For all tests, acetone was used as the negative control for the test samples, and streptomycin (for the antibacterial activity) and carbendazim (for the antifungal activity) as the positive controls, which were added to the microorganism cultures at an equal volume to that of the sample solution. All tests of antimicrobial activity were performed in triplicate.
